Many threatened and endangered species are negatively impacted by predation. Management of the predators that are geographically and temporally in position to threaten species of concern can greatly aid in their conservation. However, decisions on management strategies are based within economic constraints, while the success of management actions is measured by wildlife resource improvement. Here, we review methods for applying monetary valuations for threatened and endangered species so that economic analyses of management actions can be used to help guide and evaluate management decisions. A variety of applied examples are provided to demonstrate the principles.
Introduction
Many endangered, threatened, or species of special concern are negatively impacted by other wildlife species. In particular, predation is a critical threat to many endangered or even locally rare species (Hecht & Nickerson 1999) . In today's environments, predation losses can have increased deleterious impact due to the compounding effects of, among other things, habitat loss and altered predator communities (Reynolds & Tapper 1996) . For example, raccoons (Procyon lotor) cause substantial destruction of sea turtle nests throughout the southeastern United States (Stancyk 1982) , making them an example of a locally over-abundant native vertebrate that impacts the conservation of endangered species (e.g., Garrott et al. 1993) . Similarly, native red-tailed hawks (Buteo jamaicensis) and pearly eyed thrashers (Margarops fuscatus), as well as exotic black rats (Rattus rattus) are prominent predators of Puerto Rican parrots (Amazona vittata), one of the world's most endangered birds (U.S. Fish and Wildlife Service 1999) . Coyotes (Canis latrans) severely impact the success of black-footed ferret (Mustela nigriceps) reintroductions (e.g., Utah Division of Wildlife Resources 1995). Red foxes (Vulpes vulpes) and feral cats (Felis catus) are exotic species that have been implicated in the extinction and extensive range reductions of a variety of native Australian wildlife (Burbidge & McKenzie 1989 , Dickman 1996 . Likewise, brown tree snakes (Boiga irregularis) are exotic predators that have devastated the fauna on Guam, causing the extinction of all but three forest bird species, which are now highly endangered (Savidge 1987; Engeman & Vice 2001) , as well as severely impacting native bat (Wiles et al. 1995) and lizard (Rodda & Fritts 1992) populations.
A logical consideration to aid in the conservation of rare species negatively impacted by predators is to manage those predators that are geographically and temporally in position to threaten the rare species. Funding is finite for the recovery and conservation of rare and endangered species and must be carefully applied to maximize the positive impact on the protected species. Damage reduction efforts that target the depredating species are carried out to varying degrees for each of the examples above. Raccoons are managed at many marine turtle nesting beaches in Florida (e.g., Engeman et al. 2003a) , pearly-eyed thrashers and black rats are managed in the Caribbean National Forest in the vicinities of Puerto Rican parrot nests (Cano 2002) , coyotes and other predators often are removed prior to and after black-footed ferret releases (e.g., Utah Division of Wildlife Resources 1995), massive baiting campaigns are waged against red foxes in Australia (e.g., Armstrong 1998), and well in excess of $1 million annually is applied to control the spread of brown tree snakes from Guam to other vulnerable locations, and to reclaim areas on Guam for protection and/or reintroduction of endangered species (Engeman & Vice 2001) .
Predator management is widely applied to protect threatened and endangered species, but the corresponding efficacy data often result from management actions rather than research experiments (e.g., Florida Park Service 2001), and therefore, usually do not appear in the scientific literature as a matter of practice. Nevertheless, such population data are important to obtain and review, because an analytical examination of the economics of predator management as an endangered species recovery or enhancement technique can provide managers with a logical working basis for selecting and implementing methodologies aimed at conserving the species. While the direct costs for a damage reduction strategy are relatively easy to identify and quantify because they can be measured by the budgetary outlay for implementation, the rewards from those budgetary allocations are measured in terms of wildlife resource improvements, such as population growth. To effectively evaluate the returns, the rewards from the expenditures must be in the same metric as the expenditures. That is, the resource improvement must also be monetarily valued. Herein, we consider some approaches for monetarily valuing the benefits to wildlife resources from damage reduction programs. We use examples such as the aforementioned to demonstrate valuation approaches for rare species, and their application in economic analyses of predator management objectives.
Monetary Valuation
Determination of monetary values for rare species is not a straight-forward nor precise process. As an illustration, consider that values of endangered or threatened species have been deemed 'incalculable' in U.S. Supreme Court case law (Tennessee Valley Authority vs. Hill 1978) , the opinion going so far as to say ''it would be difficult for a court to balance the loss of a sum certain -even $100 millionagainst a congressionally declared 'incalculable' value, even assuming we had the power to engage in such a weighing process, which we emphatically do not.'' Despite that assessment, infinite or astronomically high monetary species valuations would be unlikely to be widely viewed as credible. Nevertheless, conservative monetary values for rare species can be estimated through several means. Following, we examine and provide examples for three means of obtaining societal values on the worth of rare species to be protected from depredating species.
Contingent Valuation
Contingent valuation is a method of valuation in which information regarding the benefits and costs of a natural resource are elicited through the use of a survey instrument (e.g., Loomis & Walsh 1997) . This method can be used to measure people's willingness to pay (WTP) for wilderness recreation or natural resources in a hypothetical market. The respondent is asked to estimate the maximum amount he would pay for a recreation opportunity or resource if it were available. The payment method can be adjusted to fit the resource in question; examples include higher prices for natural area entrance fees or hunting and fishing licenses, higher trip costs, and taxes. WTP often varies greatly between payment methods. Question format, as in any survey, also can have a large influence on the results.
Common formats include open-ended questions, payment cards, iterative bidding, and dichotomous choice and referenda (Loomis & Walsh 1997) . Each method has its benefits and shortcomings, and it is important to recognize the limitations of contingent valuation surveys. Because the scenarios are hypothetical, the validity of the responses to a contingent valuation is unsure. Therefore, the results may not reflect the true WTP, either because people do not have a realistic sense of how much they would pay, or because they have incentives to dishonestly report their WTP (Loomis & Walsh 1997) .
To use contingent valuations of rare species in an economic analysis first requires that such survey values exist or can be generated, and that the data were obtained using statistically valid survey design principles, data collection procedures, and data analyses. Given the above, the results must be geographically and temporally relevant to the economic analyses at hand. For example, Whitehead (1992) , through a contingent valuation survey, appraised marine turtle values at $32. However, in an economic analysis of four approaches for reducing predation on marine turtle nests at a National Wildlife Refuge in Florida, Engeman et al. (2002) found that the Whitehead (1992) turtle values would have been inappropriate to generalize to their situation. First, there were severe limitations in the Whitehead (1992) survey design in terms of the maximum monetary values that turtles could obtain. Furthermore, use of those results would have been an extrapolation beyond the inference space of the data, both geographically and temporally. The Whitehead (1992) survey was a small sample from North Carolina, whereas the Engeman et al. (2002) study was in east-central Florida. In particular, the city bordering the Florida refuge, Jupiter Island, was considered the wealthiest in the U.S. (Nguyen 2000) , thus making it unlikely that its residents would value turtles as low as in the Whitehead (1992) survey. Furthermore, the Whitehead (1992) results were approximately a decade earlier than the Engeman et al. (2002) economic analysis, making them temporally as well as geographically disjunct from the situation at hand. If relevant contingent valuation data are not available, another means for valuing species must be applied in economic analyses. Designing, implementing, and analyzing a contingent valuation survey would most likely be too time consuming and costly to provide the necessary information in a timely manner as part of an economic analysis to support management decisions in the near-term.
Legislatively Designated Values
State wildlife and fisheries management agencies use estimates of economic values based on contributions to the economy by individual game species to derive their monetary values (Bodenchuk et al. 2002) . These economic values serve as the basis for civil financial penalties for illegal kills resulting from such acts as poaching, environmental contamination, or other 'takes' (Bodenchuk et al. 2002 ). However, rare and endangered species do not have civil financial penalties assigned in relation to their contributions to the economy as 'renewable' resources, because they are rarely, if ever, exploited in a financially measurable fashion such as through the sale of hunting or fishing licenses and sportsman equipment.
While not exploited in an easily quantifiable sense, rare and endangered species are, however, almost universally protected with civil penalties set forth legislatively. More than likely, such species will have more than one value available from multiple enabling legislations (e.g., United States federal and individual state laws). Multiple applicable civil penalties pose a dilemma as to which to incorporate into an economic analysis. A conservative benefit-cost analysis is obtained when the minimal applicable value is employed. However, this could be a radical under-valuation for a species, especially when considering that all civil financial penalties from the different enabling legislations could apply simultaneously. Consider again the example of predator depredations on marine turtle nests in Florida by Engeman et al. (2002) . Their analyses chose the conservative route of applying a minimum legislative value of $100 from Florida statutes. This valuation resulted in a demonstration of an $8.4 million improvement in hatchling turtle return for a $5000 control contract. However, the Florida Wildlife Code specified a value of $500 per life unit, and the federal Endangered Species Act (ESA) allows for civil penalties up to $25,000 per life unit (Engeman et al. 2002) . Thus, the monetary benefits accrued from the predator management approaches could have been as much as 250 times greater.
Listed as a threatened species by the state of Florida, least terns (Sterna antillarum) also nest on the same refuge beach at the same time as the turtles (Engeman et al. 2002) . For this species, there is not an applicable $100 value in Florida statutes, but the Florida Wildlife Code value of $500 applies. In addition, the federal Migratory Bird Treaty Act (MBTA) value of $2000 also applies. It is interesting to note that for the federally listed (ESA) populations of this species (e.g., California least tern) ESA values of up to $25,000 would apply. Thus, we see that birds and turtles on the same refuge beach are covered by multiple state and federal legislations and multiple valuations through civil penalties. As a unifying point, the use of minimal values often still results in large benefit-cost ratios (BCRs). Engeman et al. (2002) used the minimal marine turtle valuation to show dramatic returns for management actions, as did Shwiff et al. (2003) for valuing actions to protect royal terns (Sterna maxima). Additional analyses using the higher legislative valuations better define the upper limit of societal BCRs for protecting rare species from depredating animals.
Breeding Costs
Captive breeding is not only a management strategy for assisting the recovery of a rare species, but it also provides data for placing a value on a species. The use of captive breeding costs as a means for monetarily valuing rare species is a simple concept, because those monies spent to produce animals in captivity are an explicit and empirical demonstration of a WTP for new animals. The costs of captive breeding divided by the number of healthy individuals produced defines a value for the species (e.g., Bodenchuk et al. 2002) . For example, the value calculated for black-footed ferret production in 1995 in this manner was $29,132 per animal (Bodenchuk et al. 2002) . However, the valuing process is not quite as straight-forward as this seems. Sometimes, there are multiple captive breeding facilities for the same species, each with its own budget (e.g., Engeman et al. 2003b) . A facility may remain in operation year-in and year-out, but its temporal budget and animal production may fluctuate substantially. Thus, budget and production variation among captive breeding sites for a particular species, and among years within a site, can result in substantial variation in the value for a particular species. The selection of a particular value for a benefit-cost or net benefit analysis must be carefully weighed against the objectives of the analysis. The most conservative analysis is obtained if the minimum cost per production of a healthy individual is used, whereas use of the maximum value provides the empirical peak expenditure to produce an individual of the species. Use of the median value for an individual provides an analysis representing the central tendency for valuing the species. As an example, Engeman et al. (2003b) conducted an economic analysis of predator management for protecting Puerto Rican parrots from predators. They used 5 years of data on the production costs and the corresponding number of healthy fledglings produced for three highly managed populations during the years 1997-2001, resulting in values ranging from $2415 to $100,000 per individual. The median annual value from combining the expenditures each year for the three populations was $25,500 per parrot, which provided sufficient information for lucid management decisions from a conservative analysis. Application of the maximum annual value for the three populations combined left little doubt that simultaneous management of the predator species was an economically rewarding method for helping to conserve the species.
Discussion
Once the monetary values of the protected species have been established, economic analyses can be used to evaluate whether predator management is a fiscally responsible approach for species conservation, or it can be used to provide cost-efficacy comparisons among multiple approaches. For example, the Engeman et al. (2002) economic analysis compared and found clear distinctions among four predator management approaches for protecting marine turtles. Similarly, method development for the control of brown tree snakes has been ongoing for a number of years (Engeman & Vice 2001) , and Clark et al. (in review) provided an economic analysis demonstrating a dramatic improvement in cost-efficacy and cost-efficiency by using a newly-developed toxic baiting approach (Savarie et al. 2001 ) over trapping, which has been the primary operational snake removal method for the past decade (Engeman & Vice 2001) .
Benefit-cost analysis provides a useful tool in assessing alternate methods of valuing the benefits and costs of protecting rare wildlife species from predators. However, in some cases it is difficult for the analyst to attach monetary values to the major benefits of a particular method, making it impossible to estimate the net benefits. In this case if the analyst can construct a ratio of the quantitative, but non-monetized benefits, and the total dollar costs, then the appropriate methodology is to use a cost-effectiveness analysis (Boardman et al. 1996) .
Under this type of analysis, the best management strategy is identified by its ability to achieve a certain goal at the lowest cost. Another analytical consideration important to benefit-cost analysis is to identify the potential physical impacts of alternative approaches, and specify the measurement indicator that will be used assess these impacts. Ideally, these predicted impacts can be evaluated over the lifetime of the project to accurately incorporate all of the benefits and costs of a project (Boardman et al. 1996) . For example, a predator management approach would have a direct impact on the population dynamics of the predator being managed and the wildlife prey. When possible, estimation of these effects for inclusion in the analysis provides the most comprehensive understanding of the management effort.
Another complicating factor for precise economic analyses of predator management can occur when the predator management is simultaneously aimed at protecting multiple taxa of animals. For example, a coalition of state and federal properties in Florida's 'panhandle' region pools resources to contract for the management of a variety of predator species that imperil threatened and endangered reptile, bird and mammal species (e.g., Northwest Florida Partnership 2000). Marine turtle nests are protected from depredations by raccoons, coyotes, and feral swine (Sus scrofa), and shorebird nests are protected from the same predators as well as red fox and feral cats. Endangered beach mice are protected from direct predation by coyotes, red foxes, feral cats, and gray foxes (Urocyon cinereoagenteus), while endangered red wolves (Canis rufus) are protected from interbreeding with coyotes (such congenetic mating events could genetically pollute the limited remaining red wolf breeding stock). The total cost for the predator management is readily available because it is conducted by contract. The monetary contributions by each partner property are similarly available if an economic analysis for a particular property is desired. A mixture of state and federal civil penalties are available for all species, and the red wolf also is bred in captivity, so empirical production costs can be calculated. However, population productivity data are available for only a fraction of the protected species. Furthermore, the different properties have population data on different subsets of the protected species. Marine turtle data are the most consistently available, whereas only anecdotal observations, but no population or production data are available for the beach mouse species. Population data on shorebirds is limited to (threatened) snowy plovers (Charadrius alexandrinus), and that is available from only one property. Red wolves are located at only one property where their numbers are highly managed and well-known. Thus, an economic analysis of the benefits from predator management for the potpourri of properties and protected taxa is incomplete in that it can only be carried out using the population data available from a subset of species protected. Therefore, the results present a known lower bound for the overall benefits to all taxa across all properties.
By necessity, economic analyses take a 'shopping cart' approach to valuing the species being protected from predators, whereby a 'price tag' is applied to the individual of each species. The credibility of an analysis hinges on the logical application of a valuation procedure. Conservative benefit-cost analyses using lower species values tend to lead to greater acceptance of the results, but should be accompanied by the knowledge that the actual benefit-cost ratio is likely to be much higher. However, estimated replacement costs for threatened and endangered species do not compensate for the immediate predation loss of biotic potential within demes, nor for the more consequential, irretrievable loss of pooled genetic variation through subsequent generations. Unfortunately, it is impossible to ascribe monetary value to the loss of random mating events and the infinite possibilities for genetic recombination associated with them. Considerations such as these lend credence to the U.S. Supreme Court assessment of 'incalculably' high values for threatened and endangered species.
